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Background: Antisense mitochondrial ncRNAs are down-regulated during oncogenesis by unknown mechanisms.
Results: High risk HPV E2 oncogene induces down-regulation of the antisense transcripts. Additionally, E6 and E7 induce
expression of a new sense mitochondrial ncRNA.
Conclusion: HPV oncogenes modulate expression of mitochondrial ncRNAs.
Significance:During non-viral oncogenesis, cellular factor(s), analogously to E2, could induce down-regulation of the antisense
mitochondrial ncRNAs.

The study of RNA and DNA oncogenic viruses has proved
invaluable in the discovery of key cellular pathways that are ren-
dered dysfunctional during cancer progression. An example is
high risk human papillomavirus (HPV), the etiological agent of
cervical cancer. The role of HPV oncogenes in cellular immor-
talization and transformation has been extensively investigated.
We reported the differential expression of a family of human
mitochondrial non-coding RNAs (ncRNAs) between normal
and cancer cells. Normal cells express a sense mitochondrial
ncRNA (SncmtRNA) that seems to be required for cell prolifer-
ation and two antisense transcripts (ASncmtRNAs). In contrast,
the ASncmtRNAs are down-regulated in cancer cells. To shed
some light on the mechanisms that trigger down-regulation of
the ASncmtRNAs, we studied human keratinocytes (HFK)
immortalized with HPV. Here we show that immortalization of
HFK with HPV-16 or 18 causes down-regulation of the ASnc-
mtRNAs and induces the expression of a new sense transcript
named SncmtRNA-2. Transduction ofHFKwith both E6 andE7
is sufficient to induce expression of SncmtRNA-2.Moreover, E2
oncogene is involved in down-regulation of the ASncmtRNAs.
Knockdownof E2 in immortalized cells reestablishes in a revers-
iblemanner the expression of theASncmtRNAs, suggesting that
endogenous cellular factors(s) could play functions analogous to
E2 during non-HPV-induced oncogenesis.

Cancer is characterized by a dysregulation of cell cycle con-
trol mechanisms, resulting in uncontrolled cell growth. Onco-
genes and tumor suppressors, when functioning together prop-
erly, regulate progression of normal cell proliferation. In
cancer, however, mutations result in constitutive activation of
oncogenes, inactivation of tumor suppressors, immortality,
resistance to apoptosis, invasiveness, and metastasis (1). About
15–20% of cancers are associated with infection by DNA and
RNAoncogenic viruses (2–4), and the study of these pathogens
has been invaluable in the discovery of key cellular pathways
that become dysfunctional during cancer progression. For
example, oncoproteins E6 and E7 from high risk human papil-
lomavirus (HPV)3-16 or -18 disable tumor suppressors p53 and
Rb and up-regulate telomerase, fundamental changes for cell
immortalization (5, 6). Interestingly, an apparently important
step in the induction of cancer by oncogenic viruses is the spe-
cific interaction of some viral oncogenes withmitochondria, an
organelle that has been implicated for decades in carcinogene-
sis (7, 8).
Human cells express a unique family of sense and antisense

mitochondrial ncRNAs containing long inverted repeats (IRs)
(9, 10). The sense transcript or SncmtRNA (hereafter referred
to as SncmtRNA-1), which contains an 815-nt IR and conse-
quently a stem-loop structure (9), is expressed in normal pro-
liferating cells and tumor cells but not in resting cells. This
correlation between cell proliferation and expression of the
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